Bovine respiratory syncytial virus (BRSV) causes important lower respiratory tract illness in calves. According to F and G proteins genetic sequences, three BRSV subgroups have been reported and characterized in several countries, showing differences in its distribution. In Brazil, the virus is widely disseminated throughout the herds and the few characterized isolates revealed the solely occurrence of the subgroup B. This study describes the detection and characterization of an untyped BRSV strain from a twenty-days-old calf from a herd without clinical respiratory disease. Nasal swabs were analyzed by RT-nested PCR for the F and G proteins genes. One sample has amplified the F protein gene. Sequencing and subsequent phylogenetic reconstruction were accomplished, revealing that the strain could not be grouped with any other BRSV subgroups reported. This result may suggest that the BRSV is in constantly evolution, even in Brazil, where the vaccination is not a common practice. More detailed studies about BRSV characterization are necessary to know the virus subgroups distribution among the Brazilian herds to recommend appropriated immunoprophylaxis. Key words: BRSV, F protein gene, RT-nested PCR, sequences, subgroup
Resumo
O vírus respiratório sincicial bovino (BRSV) é responsável por causar severa doença respiratória principalmente em bezerros. De acordo com sequências genéticas das proteínas F e G deste vírus, três subgrupos de BRSV foram relatados e caracterizados em vários países, mostrando diferenças nas suas distribuições. No Brasil, o vírus encontra-se disseminado pelos rebanhos bovinos e, dos poucos
Introduction
The bovine respiratory syncytial virus (BRSV) is an economically significant pathogen of cattle production (BAKER; FREY, 1985) . A member of the Paramyxoviridae family (order Mononegavirales), subfamily Paramyxovirinae, genus Pneumovirus (BUNT et al., 2005) , this virus is one of the most important causes of lower respiratory tract infections in calves (LARSEN, 2000) .
The BRSV viral envelope glycoproteins play an important role in infectivity, viral replication and immune response (FURZE et al., 1994) . The G protein mediates the attachment of the virus to host cells, and the fusion protein (F) is responsible for virus penetration through fusion between the viral and host cell membranes, resulting in multinucleated giant cells (VALARCHER; . The F protein also constitutes the main target of the host immune system (TAYLOR et al., 1992; THOMAS et al., 1998) . Probably the BRSV evolution varies according to the gene, being the G protein gene highly tolerant to fixation of mutations when compared to F (VALARCHER; SCHELCHER; BOURHY, 2000) . Therefore, most studies concerning characterization of isolates were focused on this protein (PROZZI et al., 1997; SCHRIJVER et al., 1998; SPILKI et al., 2006; BIDOKHTI et al., 2012) . Even though, progressive accumulation of nucleotide changes was reported for fragments of both genes (VALARCHER; SCHELCHER; BOURHY, 2000) .
The characterization of BRSV strains with anti F and G protein monoclonal antibodies and phylogenetic analyses based on nucleotide sequences of its coding genes have shown the presence of three distinct antigenic subgroups, named as A, AB (or intermediate), and B. The unclassified isolates were denominated as untyped (FURZE et al., 1994 ; VAN DER POEL et al., 1994; SCHRIJVER et al., 1996a; WOELK; HOLMES, 2001) . The importance of this diversity regarding immunoprophylaxis is not yet completely understood, since it is not known whether vaccination against one BRSV subgroup induces cross-protection, as the natural infection ( VAN DER POEL et al., 1994; SCHRIJVER et al., 1996b) .
BRSV phylogenetic analyses showed that its distribution may be related to geographic and temporal events (YAEGASHI et al., 2005; VALARCHER; SCHELCHER; BOURHY, 2000; SPILKI et al., 2006) . The subgroup A and AB were found in European countries, United States and Japan (FURZE et al., 1994; STINE; HOPPE; CLAYTON, 1997; LARSEN; TJORNEHOJ; VIUFF, 2000; NETTLETON et al., 2003; YAEGASHI et al., 2005) while the subgroup B was isolated in United Kingdom in the 1970s and later was rediscovered in Brazil (NETTLETON et al., 2003; ALMEIDA et al., 2006; VALARCHER; . All the known Brazilian isolates are classified in this subgroup (ARNS et al., 2003; ALMEIDA et al., 2006; SPILKI et al., 2006; ARNS, 2008; ARNS, 2011) . Even though, the occurrence of other subgroups in Brazil may not be disregarded, as the number of BRSV isolates characterized until now is very small. In Brazilian herds, BRSV was first detected from lung tissues of slaughtered calves from Southern region (GONÇALVES et al., 1993) and then some serological surveys showed that BRSV infections are spread in animals from Southern and Southeastern regions, reaching high prevalences (CAMPALANS; AFFONSO et al., 2011) . Nevertheless, the high serological prevalence compared to low incidence of clinical disease may indicate that most of infections in Brazilian herds are subclinical, hindering control measures for the disease. The present study describes the detection and characterization of an untyped BRSV isolate in Brazil from a herd without history of clinical respiratory disease, using RT-nested PCR and genomic sequencing.
Materials and Methods

Study area and sampling
The study was conducted in a dairy farm situated in São Paulo State, Southeastern Brazil. The herd had about 60 crossbred animals and there were no previous reports of clinical respiratory disease in the last six months preceding the collects, despite the high serological prevalence of BRSV, reaching 93.44%. Vaccination against BRSV was never employed in this farm or in adjacent properties.
Nasal secretions were collected from calves under one year of age using sterile swabs and then stored in DNases-and RNAses-free tubes. Immediately after collection, the samples were transported on ice to the laboratory and stored at -80°C, until analyses.
RT-nested PCR and sequencing
RNA was extracted from nasal swabs using phenol guanidine isothiocyanate (TRIzol The RT-nested PCR was performed to amplify two fragments with 481 bp and 371 bp, corresponding to part of the BRSV F and G proteins genes, respectively. The outer and inner primers employed were those described by Vilcek et al. (1994) , Foster City, CA, USA) programmed for denaturation at 95°C for 4 min, 25 cycles consisting of denaturation at 95°C for 1 min, annealing at 53°C (F gene) and 60°C (G gene) for 1 min and elongation at 72°C for 1 min and 30 s. To complete, a final elongation step of 7 min at 72ºC was employed. The PCR 2 was conducted with the same quantities of reagents of PCR 1, however, replacing the cDNA for 1 μL of product from the first PCR and 1 μL (5 pmol) of inner primers B3/ B4A (F gene) and B7A/B8 (G gene). The thermal cycle was the same as described previously, but with 35 cycles and annealing temperature at 53°C for F gene and 62°C for G gene. BRSV ATCC VR-1485 strain and a mixture of PCR reagents without product were used as positive and negative controls.
Sequencing was performed from amplified products of the first PCR using the primers "forward" and "reverse" separately and the Big Dye The Bio Edit software, version 7.01 (HALL, 1999) was used to manipulate the nucleotide and amino acid obtained sequences. The sequences alignment was performed using the ClustalW software, version 1.83 (THOMPSON; HIGGINS; GIBSON, 1994) . For the dendrogram construction, bootstrapping of 2000 replicates was performed, using the neighbor-joining method and Kimura-2 parameters, with the software MEGA 4.0 (TAMURA et al., 2007) . The DNA sequences were compared with other homologous nucleotide sequences obtained from GenBank Database (http:// www.ncbi.nlm.nih.gov/nucleotide/).
Results
The RT-nested PCR amplifi ed the fragment correspondent to the F protein gene in one of the samples, whereas no amplifi cation was detected for the G protein gene from the same sample. Both F and G genes were amplifi ed for the BRSV ATCC VR-1485 strain (positive control). These results are shown in Figure 1 . RT-nested PCR for G protein gene was repeated at least three times using the positive sample, although there was no successful result in G gene amplifi cation. The BRSV positive sample was detected from a healthy twenty-days-old calf from a herd without history of respiratory disease, despite showing high serological prevalence of BRSV. The obtained F protein gene amplicons for the sample and the positive control were sequenced. The BRSV sample was denominated BRSVUnespJab-1. Phylogenetic relatedness of the BRSV-UnespJab-1 strain with other F protein gene sequences is shown in Figure 2 . In the dendrogram, the BRSV-UnespJab-1 strain did not group with any of BRSV subgroups proposed by Valarcher, Schelcher and Bourhy (2000) , even to subgroup B, in which the BRSV-25-BR isolate, also from Brazil, is classified (ARNS et al., 2003) . Therefore, the strain was classified as untyped. The F gene sequence of BRSV ATCC VR-1485 strain was not available in the GenBank Database, however, the sequencing allowed us to characterize it in the subgroup B, along with other reference strain (A51908) and the Brazilian isolate (BRSV-BR-25).
Figure 2.
Dendrogram prepared with the F protein gene sequences representing the relatedness of the BRSVUnespJab-1 strain and 28 strains worldwide distributed of BRSV. The method neighbor-joining and Kimura-2 parameter was used and only the bootstrap values higher than 50% are shown in the phylogenetic reconstruction. GenBank accession numbers are given in each taxon and the correspondent name of the strain is shown in brackets. The BRSV-UnespJab-1 is indicated with a triangle; ovine respiratory syncytial virus (ORSV) and HRSV sequences were utilized as outgroups.
Although the BRSV-UnespJab-1 strain could not be grouped with any of the subgroups, its nucleotide sequence compared to representative strains of BRSV from subgroup AB (RB94), A (391-2) and B (BRSV-25-BR) was not very different (Figure 3) showing the possibility of a small accumulation of mutations. These mutations may have been synonymous, once the amino acid sequence was also not significantly altered. Therefore, the fragment KKRKRRFL which originates the fusion peptide, responsible for the protein penetration in host cells, is well conserved (Figure 4) . The nucleotide and amino acid degrees of homology with the subgroups was higher than 92%, and the strain was closest to the subgroup A, with nucleotide and amino acid homology percentages to 96% and 97.7%, respectively (Table 1) . 
Discussion
Despite the high BRSV serological prevalence found in the studied herd, this fact did not indicate the possibility of BRSV molecular detection. However, as calves are more susceptible to BRSV infection, the chances of elimination and detection the virus is higher in these animals. Other researchers also detected the virus in cattle without clinical signs of respiratory disease in Brazil (DOMINGUES; SPILKI; ARNS, 2011). Thus, the BRSV occurrence in herds with no report of clinical disease seems to be very common and may be an important mechanism for maintenance of the virus in the country.
The BRSV positive sample amplified only for the F protein gene, even though the positive control BRSV ATCC VR-1485 strain amplified both F and G genes. Other authors using the same primers obtained G protein gene amplicons (VILCEK et al., 1994; ALMEIDA et al., 2005; BIDOKHTI et al., 2012) . The accuracy of the RT-nested PCR for G gene was confirmed by the repetition of the technique at least three times, with some changes in the protocol, like the annealing temperature, although any amplicon was obtained.
Since the sequencing of the F protein gene reaffirmed that the positive sample is indeed a BRSV strain, it may suggest that the G gene was not detected by the employed primers due to a possible accumulation of mutations in this gene. This fact may be affirmed by studies showing high variation in G protein gene (VALARCHER; SCHELCHER; BOURHY, 2000; BIDOKHTI et al., 2012) . In Brazil, Spilki et al. (2006) also reported significant differences in amino acid composition of the G protein gene from the BRSV-25-BR isolate when compared to others; however, this isolate grouped within the subgroup B. Despite these hypotheses, the fact that the BRSV-UnespJab-1 strain did not amplify for the G protein gene remains unknown. The BRSV characterization, either using monoclonal antibodies or sequencing, do not always permit to classify the isolates according to the subgroups described in the literature, showing many untyped strains (FURZE et al., 1994 SCHRIJVER et al., 1996a; SCHRIJVER et al., 1998) . However, it is not available an untyped BRSV F protein gene sequence in GenBank to compare with the BRSV-UnespJab-1. The better characterized untyped isolate of BRSV, namely the Dutch strain WBH, has only available the G protein gene sequence, thus avoiding the comparison with BRSV-UnespJab-1.
In the evolutionary analyses of European isolates, Valarcher, Schelcher and Bourhy (2000) found that BSRV combines high rates of sequence evolution and amino acid changes in antigenically important regions of the G protein gene, and these changes provide the opportunity to the virus escape from the host immune system. Thus, changes
The BRSV-UnespJab-1 sequencing and its phylogenetic relatedness with other sequences from the GenBank revealed that the strain does not belong to any of the previously described BRSV subgroups, although it showed slightly higher nucleotide and amino acid identities with subgroup A strains (Table  1) . In Brazil, a phylogenetic tree was made for the F protein gene and showed that only isolates of the subgroup B were found until now (SPILKI; ARNS, 2008) . However, as a limited number of strains were characterized, other BRSV subgroups may be present in Brazilian herds.
The BRSV F protein is considered more conserved than the G, but both genes are in constant changing. Valarcher, Schelcher and Bourhy (2000) verified important rates of nucleotide changes per synonymous and nonsynonymous sites for the BRSV proteins genes, however, the synonymous nucleotide changes for the F protein gene were higher than nonsynonymous. This fact may explain the small nucleotide and amino acid changes found in BRSV-UnespJab-1, in which the fusion peptide remained preserved. Thus, despite being a in these regions may have been exacerbated by the extensive use of vaccines against BRSV in European cattle herds, since the vaccine might have promoted a selective pressure on the virus in these herds. Differently, the vaccination against BRSV is rarely performed in Brazil and then the differences found in Brazilian strains may be related to geographic isolation provided by decrease of cattle imports from Europe and also by the selection of virus escape mutants in BRSV reinfections.
The characterization of an untyped BRSV strain in Brazil demonstrates that the virus is in constantly evolution in nature and question whether the use of vaccines as a control method in the country is relevant, since it is not known the degree of protection among the BRSV subgroups. Thus, in a country with large cattle production and with great territorial extension like Brazil, more detailed studies concerning the BRSV characterization would be essential to recommend the use of appropriate vaccines to the virus strain present in a given region.
